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SUMMARY 

The performance of a 24C-4 combustor was investigated with 
three different combustor baskets and five modifications of these 
baskets at conditions simulating static (zero-ram) operation of 
the 240 Jet engine over ranges of altitude and engine speed to 
determine and improve the altitude operational limits of the 
24C combustor. Information was also obtained regarding combustion 
characteristics, the fuel-flow characteristics of the fuel mani- 
folds, and the combustor total-pressure drop. 

NACA modifications, which consisted of blocking rows of holes 
on the baskets, increased the minimum point on the altitude- 
operational- limit curve, which occurs at low engine speeds, for a 
narrow- upstream-end basket by 8000 feet (from 23,000 to 31,000 ft) 
and for a wide-upstream-end basket by 21,000 feet (from 13,000 to 
34,000 ft). These improvements were approximately maintained over 
the entire range of engine speeds investigated. 


INTRODUCTION 

At the request of the Bureau of Aeronautics, Navy Department, 
the NACA Cleveland laboratory has cooperated with the Westinghouse 
Electric Corporation in the investigation and the improvement of 
the performance of combustors for turbojet engines. The altitude 
performance of 24C-2, 19B, and 9.5A combustors is presented in ref 
erences 1, 2, and 3, respectively, and investigations of NACA modi 
fications for improving the altitude performance of the 9.5B com- 
bustor are reported in reference 4. 
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The altitude performance of a 24C-4 combustor using three dif- 
ferent combustor baskets and a total of five modifications of these 
baskets is presented. The performance was investigated in a manner 
similar to that of reference 1 (24C-2 combustor). Banges of simu- 
lated altitudes and engine speeds were investigated with each of 
the three baskets to determine the altitude operational limits as 
indicated by the ability of the combustor to provide exhaust gases 
of the temperatures required by the turbine for engine operation 
and the effect of each of the five modifications on the altitude 
operational limits was ascertained. In addition, information was 
obtained regarding the general operation of the combustor and the 
character of the flames, the combustion efficiency, the combustor- 
outlet gas temperature and velocity distributions, the fuel-flow 
characteristics of the fuel manifolds, the combustor total- pressure 
drop, and the condition of the baskets after running. 


COMBUSTOR 


A longitudinal section of the 24C-4 combustor and the immedi- 
ate auxiliary ducting used is shown in figure 1. The combustor is 
similar to the 24C-2; the chief differences are that the 24C-4 com- 
bustor is approximately ll inches larger in diameter ( 25^ in. I. D.j, 

Q / -Z ^ \ \ C, / 


inches 


1*22 XAXWmI^Q longer ( 
basket than the 24C-2 


. and has a correspondingly larger 
combustor. 


Zi k 


Diagrams of the longitudinal sections and hole arrangements 
of the three baskets, which were supplied by the manufacturer, are 
presented in figure 2. Each basket consists of two tapered concen- 
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trie annular chambers having mean diameters of approximately 14- 

7 0 

and 214 inches, respectively. The annular chambers are approxi- 

° lq 1 

mately 15^1 inches long and 3^ inches wide at the downstream end. 

For admitting air into the basket, the shells of each of the 
chambers are perforated with holes that progressively increase in 
diameter downstream. Each shell of the chambers Is equipped with 
stiffener rings. The width of the chambers at the upstream end 
and other pertinent features of the three baskets are listed in 
the following table: 
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Config- 

uration 

Figure 

Location and 
type of 
stiffeners 

Basket width 
at upstream 
section 
(in.) 

Number of 
rows of 
holes 

lengthwise 

Diameter 
of holes 
(in. ) 

1 

2(a) 

Flame side, 
angular 


20 

5 5 

32 " § 

2 

2(a) 

Antiflame 
side, band 

$ 

20 

5 5 

32 “ 8 

a 3 

2(b) 

Antiflame 
side, band 

2 i 

1 

19 

1 

7 5 

32 “ 8 


a Also has 372 holes (ram-pressure air holes) of l/8-inch 


diameter at upstream end. 

Configuration 1, which was not altered, is the same as config- 
uration 2 (narrow-upstream-end baskets) except for the type of 
stiffener used. (See fig. 2(a).) The modifications of configura- 
tion 2 and configuration 3 (wide-upstream-end basket) are shown 
diagrammatically in figure 3 and listed in the following table: 


Configuration 

Figure 

Type of modification 

2A 

3(a) 

Eows of holes in basket blocked 

3A 

3(b) 

Earn -pres sure air holes blocked 

3B 

3(b) 

Configuration 3A plus streamlined approach 

3C 

3(c) 

Configuration 3A plus rows of holes in basket 
blocked 

3D 

3(c) 

Configuration 3C plus streamlined approach 


The ram-pressure air holes were blocked with short screws 
and annular sheet-metal fairings were used to streamline the 
approach to the basket. (See figs. 3(b) and 3(c).) The rows of 
holes in the baskets were blocked by welding strips of Inconel 
to the baskets approximating the arrangement that resulted in the 
greatest improvement of the altitude operational limits in an 
unpublished investigation conducted by the NACA on a l/8 segment 
of a 19B combustor. 

The percentage of the total open area as a function of the 
distance downstream for each of the basket configurations investi- 
gated is shown in figure 4. For configurations 1, 2, 3, 3A. and 
3B, the percentage of open area increases rather uniformly with 
the distance downstream. For configurations 2A, 3C, and 3D, 
however, only about 14 to 18 percent of the total open area occurs 
in the first two-thirds of the basket. 
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Each of the two annular chambers of the basket was provided 
with a fuel manifold and the same manifolds were used throughout the 
investigation. A total of 60 hollow-cone-spray fuel- injection noz- 
zles (45° spray angle, 5 gal/hr at a pressure differential of 
100 lb/sq in.) was used, 36 on the outer and 24 on the inner mani- 
fold. The fuel was supplied to the manifolds through separate 
inlets located at the bottom of the combustor. Fuel flow was 
measured with a calibrated rotameter and fuel pressure was measured 
at the Junction of the inlets to the manifolds with a calibrated 
Bourdon gage. 

Bench tests of the manifolds conducted at frequent intervals 
during the investigation indicated a maximum individual deviation 
from the average fuel flow of approximately 10 and 17 percent at 
fuel-manifold differential pressures of 100 and 5 pounds per square 
inch, respectively. The manifolds were mounted vertically (as in 
the combustor) during the bench tests and, as in reference 1, the 
flow from the bottom nozzles was noted to be slightly higher than 
that from the top nozzles, which indicates that gravity affected 
the. flow distribution. 


APPARATUS 

A diagram of the general setup (essentially that described in 
reference l) is shown in figure 5. Combustion air (which was 
metered with a variable-area orifice), altitude exhaust, and fuel 
(AN-F-28, Amendment-2) were provided by the laboratory systems. 
Combustion-air flow and pressure were controlled through regu- 
lating valves and the temperature of the combustion air was regu- 
lated by means of electric air heaters and a fuel-fired preheater. 
Windows were provided for observation of the flames. A plenum 
chamber, a punched plate, and a screen installed in the setup 
provided uniform velocity and temperature distributions at the 
inlet to the combustor. 


Temperature and Pressure Instrumentation 

Temperature- and pressure-measuring instruments were located 
at five sections (A-A to E-E) shown in figure 1. The sections are 
designated as follows: coi&bustor inlet, A-A; fuel-nozzle plane, 

B-B; and combustor outlet, C-C (corresponding to turbine-inlet 
section of engine); instrumentation was installed at sections D-D 
and E-E to check for afterburning. The orientation of the instru- 
ments in the various sections is illustrated in figure 6. The 
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construction details of the instruments and the methods of measuring 
pressures and temperatures were as described in reference 1. The 
radial spacing and the details of the instruments at sections A-A 
and B-B, which differ slightly from the arrangement used in refer- 
ence 1, are shown in figure .7- The use of the instrumentation at 
sections B-B and D-D was discontinued after runs with configura- 
tion 1. 


METHODS 

The altitude operation of a 24C-4 combustor using each of the 
three production baskets (configurations 1, 2, and 3) and the five 
modified configurations (2A and 3A to 3D) was investigated with 
combustor- inlet air conditions of weight flow, temperature, and 
pressure simulating static (zero-ram) operation of the turbojet 
engine at various altitudes from sea level to at least 50,000 feet 
and for a range of simulated engine speeds from 4000 to 12,000 rpm. 

Isothermal runs were conducted using each of the configurations 
to provide additional data on the variation of total-pressure drop 
in the combustor with air flow. 

The combustor- inlet air conditions of weight flow, temperature, 
and pressure and the values of the estimated combustor-outlet tem- 
peratures required for operation of the 24C jet engine were furnished 
by the manufacturer and are the same as those presented in refer- 
ence 1. Inlet-air conditions were kept within 1 percent of their 
estimated required values. 

Ignition of a fuel-air mixture in the combustor was obtained 
within the following range of conditions: 


Air flow, lb/sec ......... 2-3 

Inlet pressure, in. Bg gage -3-4 

Fuel flow, lb /hr 200-250 


After ignition was obtained, the combustion-air flow and inlet- 
air temperature were set while the fuel flow was adjusted to main- 
tain combustion. The inlet pressure, initially higher than desired, 
was then reduced to its proper value. Finally, in the operational- 
limit runs the fuel flow was gradually increased while all other 
conditions were maintained constant in an effort to obtain an aver- 
age combustor-outlet temperature equal to or greater than the value 
required for operation of the turbojet engine at the particular con- 
dition. Operable engine conditions were those at which required 
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combustor-outlet temperatures were attained] inoperable engine con- 
ditions were those at which the required combustor-outlet tempera- 
tures were unobtainable. During the efficiency runs the fuel flow 
was set at various selected values. 

The methods of calculation are the same as those of reference 1. 
Average temperatures and pressures were taken as the average of all 
the respective readings at each section, and average inlet and out- 
let velocities were calculated from measured air flows and areas, 
average static pressures, and average temperatures at sections A-A 
and C-C, respectively. The local outlet-gas velocities used to 
obtain the velocity distributions were calculated from the individ- 
ual probe total-pressure indications, the wall- static pressures 
adjacent to each total-pressure rake, and the local temperatures 
interpolated from the indications of the adjacent thermocouple 
rakes. Fuel-manifold pressure differential was taken as the dif- 
ference between the measured fuel-manifold pressure corrected for 
elevation to the center of the manifold and the average static 
pressure at section C-C. The combustion efficiency is defined as 
the ratio of the average gas- temperature rise through the combustor 
to the temperature rise theoretically obtainable with the same 
fuel-air ratio. Values of the theoretical temperature rise were 
obtained from reference 5 for a fuel having a lower heating value 
of 18,700 Btu per pound and a hydrogen- carbon ratio of 0.175. 

The effective dynamic pressure q was calculated from the 
combustion-air flow, the average inlet-air temperature and static 
pressure, and the maximum cross-sectional area of the combustor 
(420 sq in.), which in the setup is equal to the cross-sectional 
area at section A-A; hence, q is equal to the dynamic pressure 
at the inlet for the setup used. 


KESULTS AND DISCUSSION 
Altitude Operational Eesults 

The altitude operational limits (at zero ram) for each of the 
configurations investigated are presented in figure 8 in plots of 
simulated altitude against simulated engine speed. In each plot 
the altitude operational limits are defined by a curve that sepa- 
rates the inoperable region where required combustor-outlet temper- 
atures could not be obtained from the operable region where the 
required combustor-outlet temperatures were attainable. At several 
conditions with configuration 2, the required combustor-outlet 
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temperatures were exceeded Taut blow-outs prevented operation at the 
values of the required temperatures . These points are therefore 
listed as inoperable. (See fig. 8(b).) 

The altitude-operational-limit curves of figure 8 are compared 
in figure 9 and the altitude operational limits attained with the 
24C-2 combustor (reference l) are included. The altitude operational 
limits for each of the 24C-4 configurations are higher than those 
for the 24C-2 except for configuration 1 at an engine speed of 
12,000 rpm. This increase in operational limits is attributed in 
part to the lower velocities resulting from the increased cross- 
sectional areas of the 24C-4 combustor and basket. 

The following table lists the minimum critical altitudes and 
their corresponding engine speeds for the various configurations 
studied. The minimum critical altitude is defined as the minimum 
point on the altitude-operational- limit curve. The engine speed 
at which an altitude operational limit of 50,000 feet was obtained 
is also listed. 


Config- 

uration 

Minimum 

critical 

altitude 

(ft) 

f — 

Engine speed 
at minimum 
critical 
altitude 
(rpm) 

Engine speed for 
altitude operational 
limit of 50,000 feet 
(rpm) 

1 

23,000 

4500 

10,100 

2 

23,000 

4500 

10,800 

2A 

31,000 

5000 

9,000 

3 

13,000 

4000 

10,800 

3A 

.18,000 

4000 

10,600 

3B 

18,000 

4000 

10,600 

3C 

34,000 

4000 

9,000 

3D 

34,000 

4000 

9,000 

a 24C-2 

9,000 

6000 

12,000 


a Data from reference 1. 


The minimum critical altitude for each configuration of the 
24C-4 combustor studied occurred at engine speeds of between 4000 
and 5000 rpm. Configuration 2A, in which rows of holes on the 
basket were blocked (fig. 3(a)), provided an increase of 8000 feet 
in minimum critical altitude over configuration 2. The minimum 
critical altitude was 10,000 feet lower for configuration 3 than 
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for conf igurations 1 and 2 in spite of the increased width of the 
annular chambers and resultant lower velocities in conf iguration 3. 
Configuration 3A, in which the ram-pressure air holes were blocked 
(fig. 3(h)), provided an increase of 5000 feet in the minimum 
critical altitude over configuration 3; configuration 3B, in which 
streamlined approach mounted on the fuel manifolds was also added 
(fig. 3(h)), provided no further improvement. Configuration 3C, 
in which rows of holes on the basket were blocked (fig. 3(c)), 
provided an increase in minimum critical altitude of 21,000 feet 
over that of configuration 3. The addition of the streamlined 
approach to configuration 3C (configuration 3D) had no discernible 
effect on the operational limits. The minimum critical altitudes 
for the configurations of the 24C-4 combustor investigated are 
from 4000 to 25,000 feet higher than that for the 24C-2 combustor. 

The improvements in the operational limits at the engine speeds 
corresponding to the minimum critical altitude were approximately- 
maintained over the entire engine speed range investigated. Because 
50,000 feet was about the maximum altitude investigated, however, 
the improvements at high engine speeds are indicated by a reduction 
in the speed at which an altitude limit of 50,000 feet was attained. 


Character of Flames 

Over most of the range of conditions investigated, three gen- 
eral types of combustion, similar to those described in reference 1, 
were observed: steady, flickering, and cycling. Flickering com- 

bustion usually marked the transition from steady to cycling com- 
bustion although the distinction between the types of flame was not 
always pronounced. The inception of cycling combustion was gen- 
erally accompanied by a drop in combustor- outlet temperature. 
Increasing the fuel-Air ratio during cycling increased the combustor- 
outlet temperature but at a slower rate than that obtained during 
steady combustion. Cycling combustion was usually encountered 
before blow-outs. 

In general, the combustion was steady at conditions at which 
the required combustor-outlet temperature was either attained or 
exceeded, and the combustion was flickering or cycling at condi- 
tions at which the required outlet temperature was unattainable. 

In several runs, particularly with conf iguration 2, however, higher 
outlet temperatures were attained during cycling than during steady 
combustion. 

The color of the flames was observed to vary with increasing 
altitude from yellow or yellow-white to blue, with orange or red 
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flames sometimes observed at intermediate altitudes. Yellow flames 
were often observed at high altitudes during cycling combustion. 

The effect of fuel-air ratio on combustion near the operational 
limits was determined with configuration 1. The combustion was 
observed to change from steady to cycling with increasing fuel-air 
ratio until blow-out occurred, and from cycling to steady with 
decreasing fuel-air ratio. 

The combustion with configuration 2A was steadier than that 
obtained with configuration 2. In configuration 3, the flames failed 
to seat on the walls of the basket, and dark spaces often appeared 
in the combustion zone. These irregularities were reduced somewhat 
in configuration 3A and practically eliminated in configuration 3C. 
The use of the streamlined approach in configurations 3B and 3D had 
no appreciable effect on combustion. 

In general, the combustion in all configurations investigated 
was quieter, and cycling, when encountered, was milder than that 
described for the 24C-2 combustor in reference 1. 


Temperature Eise across Combustor 
and Combustion Efficiency 

The variation of the temperature rise across the combustor with 
fuel-air ratio for simulated operation at normal and military rated 
engine speeds (11,000 and 12,000 rpm, respectively) and at various 
altitudes is presented in figure 10 for configuration 3C. The com- 
bustor temperature rise required for engine operation is indicated 
on each curve. At a given altitude and engine speed, the tempera- 
ture rise increased with an increase in fuel-air ratio for the range 
of fuel-air ratios investigated, the rate of increase decreasing 
slightly with fuel-air ratio. In several runs (not shown in 
fig. 10) close to the operational limits, however, the combustor 
temperature rise was observed to attain a maximum value and there- 
after decrease with a further increase in fuel-air ratio. 

For the same data as those of figure 10, the variation of com- 
bustion efficiency with fuel-air ratio is shown in figure 11. The 
fuel-air ratio required for engine operation is indicated on each 
curve. For the range of fuel-air ratios investigated, the combus- 
tion efficiency changed inappreciably. For comparable fuel-air 
- ratios, the combustion efficiency decreased with increasing altitude 
and decreasing engine speed. This variation is representative of 
all the configurations investigated. 
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For conditions below the altitude operational limits at which 
the required combustor-outlet temperatures were attained, the com- 
bustion efficiencies were of the order of 95 percent at the lowest 
altitudes investigated but decreased to values as low as 40 percent 
at the higher altitudes. The combustion efficiencies of configura- 
tions 2A and 3C were slightly higher than those of configurations 2 
and 3 for corresponding altitude and engine- speed conditions. The 
other modifications made to configuration 3 resulted in no appreciable 
improvement in combustion efficiency over the unmodified configura- 
tion. 


At conditions above the operational limits, combustion effi- 
ciencies were usually below 60 percent although sdme higher effi- 
ciencies were recorded, particularly with configuration 2. 


Combustor-Outlet Temperatures and Velocities 

Temperature distribution. - Several typical combustor-outlet 
temperature distributions for steady and cycling combustion condi- 
tions are shown in figures 12 and. 13 in both polar- and rectangular- 
coordinate plots. Figure 12 illustrates the temperature distribu- 
tions obtained with configuration 1 for a relatively low engine 
speed (6000 rpm) during steady combustion below the operational 
limit and during cycling combustion above the operational limit. 

The spread between the maximum and minimum temperatures was 45 per- 
cent of the average temperature rise during steady combustion, but 
during cycling combustion the spread increased to' 134 percent of 
the average temperature rise. 

Temperature patterns for high combustor- inlet air temperature 
conditions (approximately 280° F) for an engine speed of 12,000 rpm 
and an altitude of 50,000 feet are shown in figure 13 as obtained 
with configurations 2 and 2A. These patterns are similar to those 
for altitudes down to 35,000 feet and engine speeds of 12,000 rpm. 
The difference between the maximum and minimum temperatures for the 
unmodified basket (configuration 2) was 105 percent of the average 
temperature rise but in configuration 2A the difference was 150 per- 
cent of the average temperature rise. The increase in deviation 
over the unmodified basket is attributed, in part, to a change in 
air distribution resulting from the blocked holes and to a change 
in air distribution caused by warping of the basket during the 
welding of the hole-blocking strips. 

The temperatures in the upper portion of the combustor for both 
configurations 2 and 2A were relatively low at high inlet-air 
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temperatures. This condition is attributed to the effect of fuel 
vaporization in the upper portion of the manifold, which is discussed 
later. The effect was more pronounced with configuration 2 than with 
configuration 2A. 

Blocking the ram-pressure air holes (configuration 3A) and the 
use of the streamlined approach (configurations 3B and 3D) had no 
appreciable effect on the temperature distributions. 

For corresponding conditions, the temperature distributions for 
configurations 1, 2, and 3 were similar to and appreciably better 
than those reported in reference 1 for the 24C-2 combustor, espe- 
cially at high inlet-air temperatures. The improvement is attrib- 
uted to the increased fuel pressure resulting from the use of fuel 
nozzles of smaller capacity (5 gal /hr compared with 7*5 gal /hr for 
the 24C-2 combustor) and the subsequent improvement in fuel 
distribution. 

Velocity distribution. - Typical velocity distributions at 
the combustor outlet for steady and cycling combustion are presented 
in figure 14 (configuration l) at the same conditions as those for 
figure 12. The velocities peaked at about 1 inch from the outer 
wall; the greatest spread in the velocities was roughly 120 feet 
per second in each case, from 355 to 4J5 feet pei~ second during 
steady combustion and from 275 to 395 feet per second during 
cycling combustion. 

Indications of afterburning. - No evidence of appreciable 
afterburning was obtained with any of the original basket config- 
urations. A comparison of the average gas temperatures at 
sections D-D and E-E with the average combustor-outlet gas tempera- 
tures at section C-C is shown in figure 15 for configuration 1. 

The temperatures at each of the sections agreed within 25° F in 
most runs; however, indications of slight amounts of afterburning 
were evident for some runs. 

The appearance of the flames during several runs with config- 
urations 2A, 3C, and 3D indicated that, at very high altitudes with 
conditions adverse to combustion, appreciable afterburning occurred. 


Fuel-Manifold Flow Characteristics 

The flow characteristics of the fuel manifold as a function of 
the inlet-air temperature are shown in figure 16 for all the runs. 
The fuel flow divided by the square root of the fuel-manifold 
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pressure differential APp is shown plotted against the fuel- 
manifold pressure for inlet-air temperatures below 150° F and of 
approximately 210° and 280° F. The exponent on AP f is an aver- 
age value obtained in the bench calibration of the manifolds. 

There is appreciable scatter in the data but the effect of 
inlet-air temperature on the flow characteristics is evident. At 
inlet-air temperatures below 150° F, the fuel-manifold pressure 

has no appreciable effect on the value of Wf/APf ^ ^ . At inlet- 
air temperatures of 210° and 280° F, however, the value of 

Wp/APp 0 *^ (and hence fuel flow for a given APp) decreases with 
decreasing fuel-manifold pressure; the decrease is greater at the 
higher temperature. This reduction in fuel flow was caused by 
fuel vaporization or deaeration in the upper portion of the mani- 
fold, which would, of course, be affected by both temperature and 
pressure. The adverse effect of the liberation of vapor or air 
from the upper nozzles on temperature distribution was illustrated 
in figure 13. 


Correlation of Total-Pressure-Drop Data 

A correlation of typical combustor inlet-to-outlet total- 
pressure-drop AP (sections A- A to C-C) with the ratio of inlet- 
to-outlet density P^/Pg Presented in figure 17 for config- 
uration 1, and a straight line is obtained that represents the 
data with a scatter of about ±5 percent. Similar curves were 
obtained for the other configurations and all the curves are 
presented in figure 18. The values of A P/q for isotnermal runs - 
(pa/pc = 1*0) and for combustion runs (p^/pg = 3.0) are as follows: 


Con- 

fig- 

ura- 

Combustor total-pressure drop 
AP/q 

(in. Hg absolute) 

tion 

o 
« 
i — l 

n 

o 

< 

a 

P A / p c = 3 -° 

1 

5.0 

8.9 

2 

5.0 

8.7 

2A 

7.8 

11.9 

3 

9.1 

13.3 

3A 

9.9 

13.7 

3B 

8.3 

13.8 

3C 

13.8 

20.6 

3D 

12.8 

18.1 


C0NFIDEJ5TIAL 



NACA EM No . E7J06 


CONFIDENTIAL 


13 


During combustion (at values of p a /pq = 3.0), the pressure 

drop of the wide-upstream-end basket (configuration 3) was approx- 
imately 50 percent greater than that of the narrow-upstream-end 
basket (configuration 2), and blocking holes on the baskets (con- 
figurations 2A, 3C, and 3D) increased the pressure drop by roughly 
40 percent in each case. 

The values of AP/q are lower for configurations 1 and 2 
than those for the 24C-2 combustor, which had a lower maximum cross- 
sectional area (reference 2), but those for each version of config- 
uration 3 are higher, being roughly 3.5 higher than those for con- 
figurations 1 and 2. The increases in pressure drop resulting from 
the blocking of basket holes in configurations 2A, 3A, and 3C are 
approximately 3q, 0.7q, and 3.8q to 7d> respectively. The stream- 
lined approach to the basket used in configurations 3B and 3D had 
no appreciable effect on the pressure drop. The increase in pres- 
sure drop obtained with configuration 3 is attributed to the 
greatly restricted air passages between the basket and the combustor 
walls resulting from the wide upstream end of the basket, and that 
obtained with configurations 2A, 3A, and 3C is attributed to the 
reduced basket-hole areas. 


Condition of Baskets 

A slight circumferential wrinkle developed in each shell of 
the baskets and the rust-colored deposit and the canary- yellow 
residue described in reference 1 were present on each basket. Con- 
figurations 2 and 3, with external stiffeners, were in better con- 
dition than conf iguration 1, in which the internal stiffener rings 
were burned. After modifications, however, configurations 2 and 3 
warped severely under the hole-blocking strips. 


SUMMARY 0E RESULTS 

The results of an investigation conducted with a 24C-4 com- 
bustor using three different baskets supplied by the manufacturer 
and five modifications of these baskets over large ranges of simu- 
lated altitudes and engine speeds indicated that: 

1. Operation at zero ram of a 24C turbojet engine with the 
three unmodified baskets would be limited to altitudes ranging from 
13,000 feet to 23,000 feet at engine speeds of 4000 and 4500 rpm, 
respectively. The operational limit would increase to an altitude 
of 50,000 feet at engine speeds ranging from 10,100 to 10,800 rpm. 
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2. WACA modifications, which consisted of blocking rows of 
holes on the baskets, increased the minimum point on the altitude- 
operational- limit curve, which occurs at low engine speeds, for a 
.narrow- upstream-end basket by 8000 feet (from 23,000 to 31,000 ft) 
and for a wide-upstream-end basket by 21,000 feet (from 13,000 to 
34,000 ft). The improvements were approximately maintained over 
the entire range of engine speeds investigated. 

3. At conditions below the operational limits, the combustion 
efficiencies ranged from 95 percent at the lowest altitudes inves- 
tigated to 40 percent at the higher altitudes; the WACA modifica- 
tions slightly increased these efficiencies. 

4. The maximum variations in the local combustor-outlet gas 
temperatures of the baskets ranged roughly from 45 percent to 

150 percent of the average combustor temperature rise and were con- 
siderably smaller than those for the 24C-2 basket for similar 
operating conditions. . 

5. At conditions of high inlet-air temperature and low fuel 
pressure, fuel vapor or air was liberated in the upper fuel nozzles 
and adversely affected the combustor-outlet temperature distribution. 
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6. During combustion, the combustor tnlet-to-outlet total- 
pressure drop of the wide- upstream- end basket was approximately 
50 percent greater than that of the narrow -upstream -end basket, anfl 
blocking holes on the baskets increased the pressure drop by 
roughly 40 percent in each case. 
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Figure 1. - Longitudinal section of 24C-4 combustor showing auxil- 
iary ducting and instrumentation planes. 

Figure 2. - Diagrammatic sketch of basket-hole arrangements and 
longitudinal sections of 24C-4 combustor baskets. 

(a) Configurations 1 and 2; narrow-upstream-end basket. 

(b) Configuration 3; wide-upstream-end basket. 

Figure 3. - Diagrammatic sketch of basket-hole arrangements and 
longitudinal sections of modifications to 24C-4 combustor 
baskets. 

(a) Configuration 2A. 

(b) Conf igurations 3A and 3B. 

(c) Configurations 3C and 3D. 

Figure 4. - Percentage of total open area of baskets for 24C-4 
combustor. 

(a) Configurations 1 and 2. 

(b) Configuration 2A. 

(c) Configuration 3. 

(d) Configurations 3A and 3B. 

(e) Configurations 3C and 3D. 

Figure 5. - Diagrammatic sketch of setup for 24C combustor. 

Figure 6. - Orientation of instrumentation in 24C-4 combustor 
looking upstream. 

Figure 7* - Construction details of instrumentation at sections A-A 
and B-B of 24C-4 combustor. 

Figure 8. - Altitude operational limits of 24C jet engine for zero 
ram as determined with 24C-4 combustor. 

(a) Configuration 1, narrow-upstream-end basket equipped with 
angular stiffeners on flame side of each shell. 

(b) Configuration 2, narrow- upstream- end basket equipped with 
bank stiffeners on antiflame side of each shell. 

(c) Configuration 2A, rows of holes on basket blocked. 

(d) Configuration 3, wide-upstream-end basket. 

(e) Configuration 3A, ram-pressure air holes blocked, and con- 
figuration 3B, ram-pressure air holes blocked plus streamlined 
approach . 

(f ) Configuration 3C, ram-pressure air holes and rows of holes 
on basket blocked, and configuration 3D, streamlined approach 
plus configuration 3C. 

Figure 9. - Comparison of altitude operational limits of 24C jet 
engine as obtained with 24C-4 combustor using various basket 
configurations and with 24C-2 combustor. 
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Figure 10. - Variation of average combustor temperature rise with 
fuel-air ratio for 24C-4 combustor, configuration 3C. 

(a) Engine speed, 11,000 rpm. 

(b) Engine speed, 12,000 rpm. 

Figure 11. - Variation of combustion efficiency with fuel-air ratio 
for 24C-4 combustor, conf iguration 3C. 

(a) Engine speed, 11,000 rpm. 

(b) Engine speed, 12,000 rpm. 

Figure 12. - Temperature distribution at combustor outlet (sec- 
tion C-C, looking upstream) during steady and cycling combustion 
for engine speed of 6000 rpm. 24C-4 combustor, conf iguration 1. 

(a) Badial and circumferential temperature distribution during 
steady combustion; altitude, 22,500 feet. 

(b) Eadial temperature distribution during steady combustion; 
altitude, 22,500 feet. 

(c) Eadial and circumferential temperature distribution during 
cycling combustion; altitude, 25,000 feet. 

(d) Eadial temperature distribution during cycling combustion; 
altitude, 25,000 feet. 

Figure 13. - Temperature distribution at combustor outlet (sec- 
tion C-C, looking upstream) for high inlet-air temperatures 
(approximately 280° F) at engine speed of 12,000 rpm and alti- 
tude of 50,000 feet. 24C-4 combustor, configurations 2 and 2A. 

(a) Configuration 2, radial and circumferential temperature 
distribution. 

(b) Configuration 2, radial temperature distribution. 

(c) Configuration 2A, radial and circumferential temperature 
distribution. 

(d) Configuration 2A, radial temperature distribution. 

Figure 14. - Velocity distribution at combustor outlet (section C-C). 
24C-4 combustor, configuration 1, at an engine speed of 6000 rpm. 

Figure 15. - Eelation of average temperature measured at sec- 
tions D-D and E-E to average combustor-outlet temperature at sec- 
tion C-C. 24C-4 combustor, configuration 1. 

(a) Eelation of average temperature measured at section D-D to 
average combustor-outlet temperature. 

(b) Eelation of average temperature measured at section E-E to 
average combustor- out let temperature. 

Figure 16. - Fuel-manifold flow characteristics as function of 
inlet-air temperature. 24C-4 combustor. 
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Figure 17 . - Correlation of combustor total-pressure drop. 24C 
combustor } conf iguration 1. 

Figure 18. - Comparison of combustor total-pressure drop for 
24C-4 combustor baskets and modifications. 
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Figure I. - Longitudinal section of 24C-4 combustor showing auxiliary ducting and instrumentation 

planes. 
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( b) Configuration 3; wi de-upst ream-end basket. 


Diagrammatic sketch of basket-hole arrangements and longi- 
tudinal sections of 24-C-4 combustor baskets. 
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Diagrammatic sketch of basket-hole arrangements and longitudinal sections of modifications 

to 24-C-4 combustor baskets. 
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Figure 4. — Percentage of total open area of baskets for 24C-4 combustor. 
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Figure 5* - Diagrammatic sketch of setup for 24C combustor 
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(a) Configuration 1, narrow-ups tream-end basket equipped with angular stiffeners on 

flame side of each shell. 

Figure 8. - Altitude operational limits of 24C jet engine for zero ram as determined with 24C-4 
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(b) Configuration 2 0 narrow-ups tream«end basket equipped with band stiffeners on anti" 

flame side of each shell® 

Figure 8® - Continued® Altitude operational limits of 24C jet engine for zero ram as determined 

with 24C-4 combustor® 
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(e) Configuration 2A, rows of holes on basket blocked® 

- Continued, Altitude operational limits of 24c jet engine for zero ram as determined with 

24C-4 combustor. 
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(d) Configuration 3, wide -upstream-end basket. 

Figure 8. - Continued. Altitude operational limits of 24c jet engine for zero ram as determined with 

24-C-4 combustor. -j 
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(e) Configuration 3A, ram-pressure air holes blocked, and configuration 3B, ram- 
pressure air holes blocked plus streamliner!. approach. 

Figure 8. - Continued. Altitude operational limits of 24C jet engine for zero ram as determined 

with 24C-4 combustor. 
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Engine speed, rpm 

(f) Configuration 3C, ram-pressure air holes and rows of holes on basket blocked, and 
configuration 3D, streamlined approach plus configuration 3C« 

Figure 8. - Concluded. Altitude operational limits of 24-C jet engine for zero ram as determined with 

24-C-4- combustor. 


NACA RM No. E7J06 CONFIDENTIAL 


o 

o 


c? 

m 


> 



combustor using various basket configurations and with 24C-2 combustor. 
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Figure 10. - Variation of average combustor temperature rise with fuel- 
air ratio for 24C-4 combustor, configuration 3C. 
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(a) Radial and circumferential temperature distribution during 
steady combustion; altitude, 22,500 feet. 



(b) Radial temperature distribution during steady combustion; altitude, 22,500 

feet . 

Figure 12. - Temperature distribution at combustor outlet (section C-C, 
looking upstream) during steady and cycling combustion for engine 
speed of 6000 rpm. 24-C-4 combustor, configuration I. 
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(o) Radial and circumferential temperature distribution during 
cycling combustion; altitude, 25,000 feet. 



(d) Radial temperature distribution during cycling combustion; altitude, 25,000 

feet. 


Figure 12. - Concluded. Temperature distribution at combustor outlet 
(section C-C, looking upstream) during steady and cycling combustion 
for engine speed of 6000 rpm. 24-C— 4- combustor, configuration I. 
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Figure 13. - Temperature distribution at combustor outlet (section C-C, 
looking upstream) for high inlet-air temperatures (approximately 
280° F) at engine speed of 12,000 rpm and altitude of 50,000 feet. 
24-C-4- combustor, configurations 2 and 2 a. 


CON FI DENT I AL 





o 

o 

2 

n 


o 

m 

z 



0 12 3 4 

Distance from outer wall, in. 


(b) Configuration 2, radial temperature distribution. 
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Figure 13. - Continued. Temperature distribution at combustor out I et (section C-C, looking upstream) 
for high inlet-air temperatures (approximately 280° F) at engine speed of 12,000 rpm and altitude 
of 60,000 feet. 24C-4 combustor, configuration 2 and 2A. 
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(c) Configuration 2k, radial and circumferential temperature distribution. 

Figure 13. - Continued. Temperature distribution at combustor outlet 
(section C-C, looking upstream) for high inlet-air temperatures 
(approximately 260° F) at engine speed of 12,000 rpm and altitude of 
50,000 feet. 24C-4 combustor, configurations 2 and 2 a. 
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(d) Configuration 2A, radial temperature distribution. 


Figure 13. - Concluded. Temperature distribution at combustor out I et (section C-C, looking 
upstream) for high iniet-air temperatures (approximately 280° F) at engine speed of 12,000 
rpm and altitude of 50,000 feet. 24-C-4 combustor, configurations 2 and 2A. 
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Figure 14. - Velocity distribution at combustor outlet (section C-C) 
24C-4 combustor, configuration I, at an engine speed of 6000 rpm„ 
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Average combustor-outlet temperature at section C-C, °P 

(a) Relation of average temperature measured at section D-D to 
average combustor-outlet temperature. 

Figure 15. - Relation of average temperature measured at sections D-D 
and E— E to average combustor-outlet temperature at section C— C. 

24C-4 combustor, configuration I. 
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(b) Relation of average temperature measured at section E-E to 
average combustor -outlet temperature. 

r igure 15, - Concluded, Relation of average temperature measured at 
sections D-D and E-E to average combustor-outlet temperature at sec- 
tions C-C. 24-C-4- combustor, configuration I. 
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Fuel-manifold, pressure, lb/sq in. absolute 
Figure 16. - Fuel-manifold flow characterist ics as function of inlet- 
air temperature. 24C-4 combustor. 
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Figure 17* - Correlation of combustor total-pressure drop* 24C-4 combustor^ conf Iguration !* 


Ui 


N AC A RM No E7J06 Restriction/Classification Cancelled 


Combustor total -pressure drop, AP/q, in. Hg 


44 


Restrictkm/Classificatiqn Cancelled NACA RM No. E7J06 



Figure 18. - Comparison of combustor total-pressure drop for 24C-4 com- 
bustor baskets and modifications. 
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